ABSTRACT
Multiplexed and Inducible Gene Modulation in Human Pluripotent Stem 1

Cells by CRISPR Interference and Activation
37
fused to epigenetic modifiers which can be localized to a gene of interest upon 38 expression of a gRNA (Adli, 2018; Chavez et al., 2015; Gilbert et al., 2014) . Two such 39 approaches are CRISPRi, which fuses dCas9 to transcriptional repressors, such as the 5 of this protein isoform, we utilized exon-specific RT-qPCR with an array of primers
136
targeting candidate TSS-harboring exons. RT-qPCR analysis revealed the most 137 dominantly expressed exon to be exon 3b of TCF4, which corresponds to the TCF4-B
138
transcript isoform ( Figure 2B ) (Sepp et al., 2011) . Having established the dominant TSS
139
of TCF4 in hPSCs, we selected three gRNAs for CRISPRi (i1, i2, i3) and three gRNAs
140
for CRISPRa (a1, a2, and a3) that fall within the optimal window of 300 bp from the TSS 141 (Doench, 2017; Gilbert et al., 2014) 
153
Gate and Gateway cloning ( Figure 2C ). Of note, while we opted to introduce three 154 gRNAs per PB vector, the parental vectors allow for the cloning of up seven gRNAs in 155 tandem array (Sakuma et al., 2014 ) that can easily be introduced into our PB vectors.
156
Additionally, FRT sites flanking the mRFP and blasticidin cassettes ( Figure 2C) 
186
fluorescence data, we observe strong induction of dCas9-KRAB protein in both K1 and
187
K2 clones ( Figure 3C ) and high levels of all three CRISPRi gRNAs by gRNA-specific
188
RT-qPCR ( Figure 3D) 
222
( Figure 2E ). In contrast to the rapid decline of TCF4 transcripts, TCF4 protein was more 
229
respectively, in dCas9-VPR-PB cells ( Figure 4D ).
230
To confirm our results over longer induction time-points, we treated the dCas9-
231
KRAB-PB clone K1 with doxycycline for up to 96h and the dCas9-VPR clone V1 for up to 232 168h. As shown in Figure 4E , the 96h induction period for dCas9-KRAB-PB cells failed
233
to further decrease TCF4 protein levels (~3-fold reduction at 48h versus 2. 
255
Here, we developed a set of tools to facilitate multiplexed CRISPR-mediated 256 gene modulation in hPSCs. We find that our integrated dCas9-KRAB and dCas9-VPR 
